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Abstract
We consider the map of three-dimensional N = 4 superfields to N = 3 harmonic
superspace. The left and right representations of the N = 4 superconformal group are
constructed on N = 3 analytic superfields. These representations are convenient for
the description of N = 4 superconformal couplings of the Abelian gauge superfields
with hypermultiplets. We analyze the N = 4 invariance in the non-Abelian N = 3
Yang-Mills theory.
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1 Introduction
The simplest supersymmetric Chern-Simons theory was constructed in the N=1, d=3 su-
perspace with the real coordinates z = (xm, θα), where the Grassmann coordinate θα has
the spinor index α = 1, 2 of the group SL(2, R), and m = 0, 1, 2 is the three-dimensional
vector index [1, 2]. This theory uses the spinor gauge superfield Aα(z). The superfield
action of the N=1 Chern-Simons theory was interpreted as a superspace integral of the
differential Chern-Simons superform dA+ 2i
3
A3 in the framework of the theory of superfield
integral forms [3]-[6]. The non-Abelian N=2, d=3 Chern-Simons action was considered in
the superspace z = (xm, θα, θ¯α), where θα and θ¯α are complex conjugated spinor coordinates
[3, 7, 8]. The basic N = 2 gauge superfield is V (z), and the gauge group preserves chirality
of the matter superfields. The N = 3, d = 3 Chern-Simons theory was first studied by
the harmonic-superspace method [9, 10]. The analytic gauge N = 3, d = 3 prepotential is
similar to the gauge superfield of the N = 2, d = 4 Yang-Mills theory [11, 12].
The N = 5 and N = 6 Chern-Simons theories were considered also in the harmonic-
superspace method [13, 14], but this approach did not succeed in constructing of coupling
of the gauge superfield with matter. We note that the N = 6 Chern-Simons supermultiplet
has an infinite number of auxiliary fields off mass-shell.
The N = 6 Chern-Simons-matter model for the gauge group U(N) × U(N) (ABJM-
model [15]) and the N = 8 BLG-model for the gauge group SU(2) × SU(2) [16] were
investigated in the N = 3 harmonic superspace [17]. The N = 3 supersymmetry is manifest
in this formalism, the higher supersymmetry transformations connect different superfields
and the corresponding algebra of transformations closes on the mass shell. The quantum
aspects of the N = 3 superfield theories were analyzed in [18].
The N = 4, d = 3 superfield theories were studied in our papers [19, 6, 20]. The mirror
left and right N = 4 supermultiplets are defined in different harmonic superspaces and
this fact is the main obstacle to the construction of the left-right couplings. We review the
N = 4, d = 3 superspace formulas in Appendix.
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In the next section, we analyze the N = 3, d = 3 superconformal transformations in
the standard and harmonic superspaces. The corresponding Killing operator K3 contains
the generators of the N = 3 superconformal group Pm,Mm, D, Vkl, Q(kl)α and S(kl)α acting as
superspace differential operators.
We study the relations between the N = 4 and N = 3 harmonic superfields in section 3.
The left N = 4 analytic superfields are decomposed in terms of the N = 3 spinor coordinates
θ++α, θ0α and the additional spinor coordinate θα4 . We obtain the N = 3 representation of
the left N = 4 supermultiplets using the operator O connecting different superspaces. This
operator allows us to define the active N = 4 superconformal transformations on the analytic
N = 3 superfields. These transformations include the N = 3 superconformal generators and
the transformations with the additional even generator Akl and the odd spinor generators
Q4α and S
4
α. The mirror map M from the left to right N = 4 representations is equivalent
to the change of the signs of these additional generators. Thus, we study the left and right
supermultiplets in the same analytic superspace, the mirror supermultiplets have similar
N = 3 transformations, and their additional transformations differ by the signs.
Section 4 is devoted to the construction of the N = 4 superconformal models in the
N = 3 harmonic superspace. We consider the analytic Abelian gauge prepotential V ++0 and
its analytic superfield strength W++0 and prove that these superfields have the mirror N = 4
transformations. TheN = 4 superconformal BF coupling ofW++0 contains the right Abelian
prepotential A++. This coupling is equivalent to the difference of two Abelian Chern-Simons
interactions. The natural N = 4 superconformal coupling of the left gauge superfield V ++0 is
defined with the left hypermultiplets, while the right N = 4 gauge multiplet A++ interacts
with the right hypermultiplets. We consider also the nonminimal interaction of W++0 with
the right hypermultiplet.
The interesting N = 4 superconformal coupling Sβ(V ++0 , A++) of two Abelian superfields
contains the BF coupling and the improved forms of the actions for two superfield strengths.
Analogous improved forms were considered in the N = 2, d = 4 superspace [12] and in the
N = 4, d = 3 superspaces [20]. The N = 3 representation is convenient for the analysis of
the quantum properties of this model. We also discuss the action of the nonlinear N = 4
electrodynamics.
In section 5 we study the N = 4 superconformal transformations of the N = 3 gauge
superfields. In particular, we obtain the nonlinear fourth supersymmetry transformation
of the non-Abelian N = 3 superfield strength and prove the N = 4 invariance of the
corresponding non-Abelian action.
2 N = 3, d = 3 harmonic superspace
We use the notation of papers [10, 17] in the N = 3 superspace. The real coordinates of the
N = 3 superspace are introduced in the central basis
z = (xm, θα(kl)), θ
α
(kl) = θ
(kl)α, (2.1)
where k, l are the spinor indices of the automorphism group SUV (2). The isovector represen-
tation for the spinor coordinates contains the Pauli matrices θαB =
i√
2
(τB)
klθα(kl), B = 1, 2, 3.
The spinor derivatives in these coordinates are
D(kl)α = ∂
(kl)
α + iθ
(kl)β∂αβ , ∂αβ = (γ
m)αβ∂m,
2
∂mx
n = δnm, ∂
(kl)
α θ
β
(jn) =
1
2
(δkj δ
l
n + δ
l
jδ
k
n), (2.2)
where (γm)αβ are the three-dimensional γ matrices. The transformations of the N = 3
superconformal group in the real coordinates (2.1) [17] can be rewritten via the Killing su-
perconformal operatorK3 that contains the generators of the corresponding Lie superalgebra
δscx
m = K3x
m, δscθ
α
(kl) = K3θ
α
(kl),
K3(z) = c
mPm + l
mMm + bD + k
mKm + a
klVkl + ǫ
α
(kl)Q
(kl)
α + η
α
(kl)S
(kl)
α , (2.3)
where cm, lm, b, km, akl, ǫα(kl) and η
α
(kl) are the superconformal parameters. It is easy to con-
struct these superconformal generators in the central basis, for instance, the SUV (2) gener-
ators have the form
Vkl = εlnθ
α
(kj)∂
(jn)
α + εknθ
α
(lj)∂
(jn)
α . (2.4)
The Killing operator connects the active superconformal transformations of superfields
δ∗A with the passive superconformal transformations
δscA(z) ≡ A(z + δscz)−A(z) = δ∗A(z) +K3A(z). (2.5)
We consider the important commutation relations of the Killing operator with the spinor
derivatives, which define the passive superconformal transformations of these derivatives
δscD
(kl)
α
[K3, D
(kl)
α ] = −
1
2
jD(kl)α − χγαD(kl)γ + λknD(nl)α + λlnD(kn)α = δscD(kl)α (2.6)
where
χαγ = aαγ +
1
4
(xαρkγρ + x
γρkαρ )−
i
4
θβ(kl)θ
(kl)
β k
αγ +
i
2
(θα(kl)η
(kl)γ + θγ(kl)η
(kl)α),
λkl = akl − i
2
εjnθ
kjαθnlβkαβ − i
2
εjn(θ
kjαηnlα + θ
ljαηnkα ), (2.7)
j = −b− kmxm − iθα(kl)η(kl)α . (2.8)
are the superfield parameters. We consider the useful relations
D(kl)γ χ
ρ
α = −δργD(kl)α j +
1
2
δραD
(kl)
γ j,
D(ni)α λ
kl =
1
4
εnkD(il)α j +
1
4
εikD(nl)α j +
1
4
εilD(kn)α j +
1
4
εnlD(ik)α j. (2.9)
The primary superfield of the weight w has the active superconformal transformation
δ∗Aw = wjAw −K3Aw. (2.10)
We study transformations of the spinor derivative of superfield Aw using the formal relation
[δ∗, D(kl)α ] = 0 and formula (2.6).
TheN = 3 superconformal linear (tensor) multipletW (kl) satisfies the following superfield
constraints:
D((jn)α W
(kl)) = 0, (2.11)
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where the brackets mean symmetrization in four indices. These constraints are covariant
under the superconformal transformations
δ∗W (kl) = jW (kl) + λknW
(nl) + λlnW
(kn) −K3W (kl). (2.12)
The superconformal transformation of the SUV (2)/U(1) harmonics u
±
i can be defined as
follows:
δscu
+
i = λ
klu+k u
+
l u
−
i , δscu
−
i = 0 (2.13)
where the matrix λkl is given by (2.7). The harmonic projection of the relation (2.9) yields
the condition
u+nu
+
i u
+
k u
+
l D
(ni)
α λ
kl = D++α λ
++ = 0, λ++ = λklu+k u
+
l , D
++
α = u
+
nu
+
i D
(ni)
α . (2.14)
The Killing vector KC3 = K3(z) + λ
++∂−− in the extended central basis (z, u) preserves the
Grassmann analyticity condition D++α A(z, u) = 0
[KC3 , D
++
α ] = −χγαD++γ −
1
2
(j − ∂−−λ++)D++α . (2.15)
The Grassmann analyticity is manifest in the analytic basis zA = (ζ, θ
−−α)
ζ = (xmA , θ
++α, θ0α, u±i ), (2.16)
xmA = x
m + i(γm)αβθ
++αθ−−β, θ±±α = U±±klθα(kl), θ
0α = U0klθα(kl), (2.17)
where we define the isovector combinations of the spinor harmonics
U++kl = u+ku+l, U−−kl = u−ku−l, U0kl =
1
2
(u+ku−l + u+lu−k), (2.18)∫
duU++klU−−ij = −2
∫
duU0klU0ij =
1
6
(δki δ
l
j + δ
k
j δ
l
i). (2.19)
The special conjugation ∼ is defined in the analytic coordinates
u˜±i = u
±i, x˜mA = x
m
A ,
˜θ0,±±α = θ0,±±α . (2.20)
In the analytic basis, the harmonic and spinor derivatives have the form
D++ = ∂++ + 2iθ++αθ0β∂Aαβ + θ++α∂0α + 2θ0α∂++α , ∂Aαβ = (γm)αβ∂Am,
D−− = ∂−− − 2iθ−−αθ0β∂Aαβ + θ−−α∂0α + 2θ0α∂−−α ,
D0 = ∂0 + 2θ++α∂−−α − 2θ−−α∂++α , [D++,D−−] = D0, (2.21)
D++α = ∂
++
α , D
−−
α = ∂
−−
α + 2iθ
−−β∂Aαβ , D
0
α = −
1
2
∂0α + iθ
0β∂Aαβ , (2.22)
∂Amx
n
A = δ
n
m, ∂
0
αθ
0β = δβα, ∂
∓∓
α θ
±±β = δβα, [∂
++, ∂−−] = ∂0,
where ∂0, ∂±± are the partial harmonic derivatives. We use the notation
(θ++)2 = θ++αθ++α , (θ
0)2 = θ0αθ0α, (θ
++θ0) = θ++αθ0α, (θ
++γmθ0) = θ++αθ0β(γm)αβ,
(D++)2 = D++αD++α , (D
0)2 = D0αD0α. (2.23)
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The N = 3 analytic superfield φ(ζ) satisfies the condition D++α φ = 0. The N = 3
superconformal transformations of the analytic coordinates [17] are generated by the Killing
operator
KA3 = K3(ζ) + δscθ−−α∂++α , (2.24)
where the operator K3(ζ) acts in the analytic subspace ζ , for instance,
K3u+i = λ++(ζ, u)u−i , K3u−i = 0, (2.25)
λ++(ζ) = −i(θ++γmθ0)km + i(θ0αU++kl − θ++αU0kl)η(kl)α + U++kl akl. (2.26)
The analytic representation of the even superconformal N = 3 generators has the form
Pm = ∂
A
m, Mm = εmnpx
n
A∂
Ap +
1
2
(γm)
β
α(θ
++α∂−−β + θ
0α∂0β), (2.27)
D = xmA∂
A
m +
1
2
(θ++α∂−−α + θ
0α∂0α), (2.28)
Km = xAmx
p
A∂
A
p −
1
2
(xA)
2∂Am − i(θ++γmθ0)∂−−
− i
2
(γm)
α
β(θ
0)2θ++β∂−−α +
1
2
xnA(γn)
αβ(γm)βγ(θ
++γ∂−−α + θ
0γ∂0α), (2.29)
Vkl = U
++
kl ∂
−− + U−−kl θ
++α(∂0α + 2iθ
0γ∂Aαγ) + 2U
0
klθ
++α∂−−α . (2.30)
The odd analytic superconformal generators act also in the analytic superspace
Q(kl)α = U
++kl∂−−α − 2iU−−klθ++γ∂Aαγ + U0kl(∂0α + 2iθ0γ∂Aαγ), (2.31)
S(kl)α =
1
3
(γm)βα[Km, Q
(kl)
β ]. (2.32)
We consider the active realization of the N = 3 superconformal transformations on the
analytic superfields
δ∗3φ = δscφ−K3(ζ)φ. (2.33)
The Killing operator satisfies the relations
[KA3 ,D++] = −λ++D0 = δscD++,
[KA3 ,D−−] = −(D−−λ++)D−− = δscD−−, (2.34)
which determine the passive operator transformations.
The harmonic projection of the N = 3 linear multiplet (2.11)W++ = u+k u+l W (kl) satisfies
the constraints
D++α W
++ = 0, D++W++ = 0 (2.35)
and has the superconformal transformation
δ∗3W
++ = 2λW++ −K3W++,
λ = −1
2
b− 1
2
kmx
m
A + i(θ
0αU0kl − θ++αU−−kl )η(kl)α + U0kla(kl). (2.36)
5
The superfield superconformal parameters j and λ(kl) (2.12) can be expressed via the
analytic superconformal parameters
λkl = U−−klλ++ − U0klD−−λ++ + 1
2
U++kl(D−−)2λ++,
j = 2λ−D−−λ++, λ = −1
2
b+ U0klλ
kl. (2.37)
The Abelian scalar analytic prepotential V ++0 (ζ) has the gauge transformation
δΛV
++
0 = −D++Λ, V˜ ++0 = −V ++0 , Λ˜ = −Λ. (2.38)
The gauge-invariant real analytic superfield strength can be defined via this gauge su-
perfield [10, 17]
W++0 (ζ) = −
1
4
(D++)2V −−0 = IV
++
0 =
∫
dζ−42 I(ζ, ζ2)V
++
0 (ζ2),
I(ζ, ζ2) =
1
16
(D++)2(D++2 )
2δ9(z − z2) 1
(u+u+2 )
2
, (2.39)
where V −−0 is the harmonic connection, and I is the integral operator. We use the relations
D++V −−0 = D++V ++0 , D++W++0 = 0. (2.40)
We note that the superfields V ++0 and W
++
0 have opposite P -parities with respect to the
transformation
P (x0A, x
1
A, x
2
A) = (x
0
A,−x1A, x2A), P θ0,±±α = −(γ1)βαθ0,±±β . (2.41)
The component fields of the vector multiplet φkl, Am, λ
α, χαkl and X
kl can be determined
in the WZ-gauge
V ++WZ = 3(θ
++)2U−−kl φ
kl + 2(θ++γmθ0)Am + 2i(θ
0)2θ++αλα + 3i(θ
++)2θ0αU−−kl χ
kl
α
+3i(θ++)2(θ0)2U−−kl X
kl. (2.42)
The P -even superfield V ++0 contains the pseudoscalar field φ
kl, the scalar Xkl and the vector
field Am.
The N = 3 supersymmetry transformations of the component fields
δǫφ
kl = −iǫ(kl)αλα − i
2
(ǫ(kj)αχljα + ǫ
(lj)αχkjα), (2.43)
δǫAm =
i
2
(ǫ(kl)γmχ
kl), δǫλα = −ǫγ(kl)∂αγφ(kl) − ǫ(kl)α Xkl, (2.44)
δ3χ
kl
α = ǫ
(kj)γ∂αγφ
l
j + ǫ
(lj)γ∂αγφ
k
j + (γm)αβF
mǫβ(kl) − ǫ(kj)α X lj − ǫ(lj)α Xkj , (2.45)
Fm = εmnp(∂nAp − ∂pAn),
δǫX
kl = −iǫ(kl)α∂αγλγ + i(ǫ(kj)α∂αγχlγj + ǫ(lj)α∂αγχkγj ) (2.46)
can be obtained from the superfield transformation of V ++WZ .
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The Abelian superfield strength has the simple form in this gauge
W++0 = [−(D0)2 +
1
2
(D0)2D−−D++ + 1
2
(D0D−−)D++ − 1
12
(D0)2(D−−)2(D++)2
−1
6
(D0D−−)D−−(D++)2 − 1
24
(D−−)2(D++)2]V ++WZ . (2.47)
The component decomposition of the superfield strength contains the fields and their
derivatives
W++0 = U
++
kl φ
kl − 2i(θ++γmθ0)U0kl∂Amφkl + (θ++)2(θ0)2U−−kl φkl
−i(θ++γmθ0)Fm + iθ++αλα − (θ0)2θ++α∂Aαγλγ
+i(θ++αU0kl − iθ0αU++kl )χklα + [(θ0)2θ++αU0kl + (θ++)2θ0αU−−kl ]∂Aαγχklγ
+i[(θ++)2U−−kl + (θ
0)2U++kl − 2(θ++θ0)U0kl]Xkl, (2.48)
where  = ηmn∂Am∂
A
n and F
m is the Abelian field strength.
3 Relations between N = 4 and N = 3 harmonic super-
fields
3.1 Left N = 4 representations
The extended N = 3 analytic basis includes coordinates (2.17) and the additional spinor
coordinate θα4
xmA , θ
±±α, θ0α, θα4 , u
±
k . (3.1)
We analyze the relation between the left analytic N = 4 basis (A.15) and the extended
N = 3 basis
θ+−α = θ0α +
1
2
θα4 , θ
−+α = θ0α − 1
2
θα4 , (3.2)
xmL = x
m
A + i(γ
m)αβθ
0αθβ4 . (3.3)
We consider the relations between the differential operators of two bases
∂
∂xmL
=
∂
∂xmA
, ∂+−α =
1
2
∂0α − iθ0β∂Aαβ − ∂4α −
i
2
θβ4 ∂
A
αβ , (3.4)
∂−+α =
1
2
∂0α + iθ
0β∂Aαβ + ∂
4
α −
i
2
θβ4∂
A
αβ , (3.5)
D++L = D++, D−−L = D−−. (3.6)
The partial harmonic derivatives of different bases are identical, because the coordinate
transformations (3.2)-(3.3) do not contain harmonics manifestly. The N = 4 supersymmetry
generators (A.22) can be rewritten in the basis (3.1)
Q4α = ∂
4
α −
i
2
θβ4∂
A
αβ , (3.7)
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and operators Q
(kl)
α are given by the standard formula (2.31).
The left analytic N = 4 superfield ΦˆL in the extended N = 3 analytic basis
ΦL(x
m
L , θ
++α, θ+−α, u) = OφL(x
m
A , θ
++α, θ0α, u), (3.8)
O = exp(−θα4D0α) = 1− θα4D0α −
1
4
(θ4)
2(D0)2 (3.9)
is connected by the invertible operator O to the corresponding N = 3 analytic superfield
φL(ζ). It is evident, that the N = 4 and N = 3 analytic superspaces have equal dimensions,
and their differential operators are connected by the O-map
O−1∂+−α O = −∂4α, O−1∂−+α O = ∂0α + ∂4α, O−1∂LmO = ∂Am, O−1∂±±O = ∂±±,
O−1xmLO = x
m
A , O
−1θ+−αO = θ0α, O−1θ−+αO = θ0α − θα4 . (3.10)
The representation (3.8) has the manifest left analyticity.
The O-transformations of the N = 4 supersymmetry generators and the harmonic deriva-
tives give us
O−1Q(kl)α O = Q
(kl)
α , O
−1Q4αO = Q4α + ∂4α, Q4α = −D0α, (3.11)
O−1D±±L O = D±±L = D±± − θα4D±±α , [D±±L , (Q4α + ∂4α)] = 0. (3.12)
The O-transformations of the SUL(2)×SUR(2) generators (A.24),(A.25) can be obtained
analogously
O−1LklOφL = LklφL, O−1RklOφL = RklφL, (3.13)
where the analytic parts of the operators have the form
Lkl = U++kl ∂−− + U++kl θ0α∂−−α + U0kl(θ++α∂−−α + θ0α∂0α) + 2iU−−kl θ++αθ0α∂Aαβ , (3.14)
Rkl = −U++kl θ0α∂−−α + U0klθ++α∂−−α − U0klθ0α∂0α + U−−kl θ++α∂0α. (3.15)
The map (3.8) defines the representation of the N = 4 superconformal group on the
N = 3 superfield φL(ζ)
K4ΦL(ζˆL) → KLφL(ζ) = O−1K4OφL, (3.16)
KL = K3(ζ) +K4/3(ζ), K4/3 = ǫα4Q4α + ηα4 S4α + bklAkl (3.17)
where K3(ζ) is the analytic representation of the N = 3 Killing operator (2.33), and the
additional operators in K4/3 have the form
Q4α = −D0α, S4α =
1
3
(γm)αβ[Km,Q4β], (3.18)
Akl = Lkl −Rkl = U++kl (∂−− + 2θ0α∂−−α ) + 2U0klθ0α∂0α
−U−−kl θ++α(∂0α + 2iθ0β∂Aαβ). (3.19)
It is easy to check the relation
[Akl,Q4α] = −[Akl, D0α] = −Q(kl)α. (3.20)
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We use the commutation relation
[K4/3,D++] = −λ++4 D0,
λ++4 = −
i
2
ηα4 θ
++
α + b
klU++kl = D++λ4, λ4 = −
i
2
ηα4 θ
0
α + b
klU0kl. (3.21)
In the N = 3 representation, the N = 4 superconformal transformation of the left tensor
multiplet L++ has the form
δ∗4L
++ = 2(λ+ λ4)L
++ −KLL++. (3.22)
3.2 Right N = 4 representations
The alternative basis in the right N = 4 superspace (A.30) contains xmR and the spinor
coordinates θ±±α = u
±
k u
±
l θ
(kl)
α , θ±∓α = u
±
k u
∓
l θ
(kl)
α . We consider the relation between the right
N = 4 superspace and the extended N = 3 basis (3.1)
xmR =MxmL = xmA − i(γm)αβθ0αθβ4 . (3.23)
The action of the mapM on the left N = 4 analytic superfield in the extended N = 3
basis changes the sign of θα4 in the representation (3.8) and gives the formula for the right
analytic superfield
MΦL = ΦR(xmR , θ++α, θ−+α, u) = O−1φR(xmA , θ++α, θ0α, u), (3.24)
O−1 =MO = exp(θα4D0α) = 1 + θα4D0α −
1
4
(θ4)
2(D0)2, (3.25)
where φR(ζ) is the corresponding N = 3 analytic superfield.
The representation (3.24) guarantees the manifest right analyticity
∂−+α [O
−1φR(ζ)] = 0. (3.26)
The mirror map of formulae (3.13) yields the right representation of the SUL(2)×SUR(2)
generators
OLˆklO
−1φR =MLklφL = RklφR,
ORˆklO
−1φR =MRklφL = LklφR, (3.27)
where the analytic operators are given in (3.14) and (3.15).
The mirror map of the N = 4 superconformal group has the form
K4ΦR(ζˆR) → KRφR(ζ), (3.28)
KR =MKL = K3(ζ)−K4/3, (3.29)
where K4/3(ζ) includes the additionalN = 4 generators (3.17). Thus, the map φR(ζ) =MφL
changes the signs in transformations with the additional N = 4 generators, for instance,
Mǫα4D0αφL = −ǫα4D0αφR.
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4 N = 4 superconformal models in N = 3
superspace
The manifestly supersymmetric N = 4 models were investigated in the N = 4 superspace
[20]. We reformulate these models in the N = 3 basis (3.1). The corresponding representa-
tion of the left Abelian N = 4 gauge superfield is
V ++4L = [1− θα4D0α −
1
4
(θ4)
2(D0)2]V ++0 (ζ), (4.1)
where V ++0 (ζ) is the Abelian N = 3 analytic prepotential (2.38). The nonanalytic N = 4
Abelian harmonic connection satisfies the equation
D++L V
−−
4L = D
−−
L V
++
4L . (4.2)
We define the left representation of the fourth supersymmetry generatorQ4α on theN = 3
gauge U(1) prepotential (2.38)
Q4αV ++0 = −D0αV ++0 . (4.3)
In the gauge (2.42), the supersymmetry transformation contains an additional term with the
composite parameter Λ4(ǫ4)
δ∗(ǫ4)V
++
WZ = ǫ
α
4D
0
αV
++
WZ −D++Λ4(ǫ4) (4.4)
and the Q4α-transformations of the component fields have the form
δ(ǫ4)φ
kl =
i
2
ǫα4χ
kl
α , δ(ǫ4)Am =
i
2
(ǫ4γmλ), (4.5)
δ(ǫ4)λα =
1
2
ǫβ4 (γm)αβF
m, δ(ǫ4)χ
kl
α = ǫ
β
4∂αβφ
kl + ǫ4αX
kl, (4.6)
δ(ǫ4)X
kl =
i
2
ǫα4∂αβχ
βkl. (4.7)
The N = 4 Abelian superfield strength can be expressed via the superfield V −−4L
W++4R (V
++
L ) = −
1
4
(D++)2V −−4L = [1 + θ
α
4D
0
α −
1
4
(θ4)
2(D0)2]W++0 (ζ), (4.8)
and it can be connected with the Abelian N = 3 analytic superfield strength W++0 (2.39).
By definition, the superfield strength of the left gauge superfield W++4R satisfies the right
analyticity condition
D++α W
++
4R = 0, D
−+
α W
++
4R = 0 (4.9)
and the harmonic condition D++L W
++
4R = D
++
R W
++
4R = 0. The superconformal transformation
of this right analytic superfield has the form
δ∗4W
++
4R = 2λRW
++
4R − Kˆ4W++4R , (4.10)
λR = λ(ζ) +
i
2
km(θ
0γmθ4)− U0klbkl −
i
2
U0klη
(kl)
α +
i
2
(
θ0α − 1
2
θα4
)
η4α, (4.11)
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where the parameter λ(ζ) is defined in (2.36).
The superfields V ++4L and W
++
4L are defined in different N = 4 superspaces, so it is
convenient to use their representations V ++0 (4.1) and W
++
0 (4.8) in the N = 3 superspace.
The corresponding supersymmetry transformation of the pseudoscalar superfield strength
W++0 can be obtained from the N = 4 transformations W++4L
Q4αW++0 (V ++0 ) = D0αW++0 (V ++0 ). (4.12)
This transformation has a mirror form in comparison with (4.3). This formula can be checked
with the help of the relation
δ∗(ǫ4)V
−−
0 = −
1
2
ǫα4D−−D++α V −−0 = −ǫα4D0αV −−0 −
1
2
ǫα4D
++
α D−−V −−0 . (4.13)
The active right N = 4 superconformal transformation of the superfield strength
δ∗4W
++
0 = 2(λ− λ4)W++0 −KRW++0 (4.14)
contains the operator KR, the N = 3 parameter λ (2.36) and the additional parameter λ4
(3.21).
The analytical Abelian N = 3 Chern-Simons action∫
dζ−4V ++W++0 =
∫
d6zduV ++0 V
−−
0 (4.15)
is not invariant under the N = 4 supersymmetry and the P -parity.
We consider the Abelian analytic pseudoscalar gauge superfield A++(ζ)
δΛA
++ = −D++ΛA, PA++ = −A++, A˜++ = −A++. (4.16)
The WZ-gauge for this superfield
A++WZ = 3(θ
++)2U−−kl Λ
kl + 2(θ++γmθ0)Bm + 2i(θ
0)2θ++αξα + 3i(θ
++)2θ0αU−−kl ρ
kl
α
+3i(θ++)2(θ0)2U−−kl Y
kl (4.17)
includes the scalar Λkl, pseudoscalar Y kl, pseudovector field Bm and spinor fields ξα, ρ
kl
α .
By definition, this N = 3 superfield transforms as the right N = 4 supermultiplet
δ∗4A
++ = −KRA++. (4.18)
The corresponding scalar superfield strength describes the left tensor N = 4 multiplet (3.22)
L++A (A
++) = IA++, (4.19)
where the linear integral operator I is defined in (2.39).
Now we can construct the BF interaction with the coupling constant β
SBF (V
++
0 , A
++) = −iβ
∫
dζ−4V ++0 L
++
A = −iβ
∫
dζ−4duA++W++0 , (4.20)
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which is invariant under the N = 4 superconformal transformations and the P -parity trans-
formation. The equivalent interaction was defined in the N = 4 superspace [20]. The N = 3
BF interaction can be expressed as the difference of two Abelian Chern-Simons terms
SBF = −iβ
∫
dζ−4(V ++L W
++
L − V ++R W++R ),
V ++0 = V
++
L + V
++
R , A
++ = V ++L − V ++R . (4.21)
We note that each Chern-Simons term transforms non-trivially under the fourth supersym-
metry
δ∗(ǫ4)V
++
L = ǫ
α
4D
0
αV
++
R , δ
∗(ǫ4)V
++
R = ǫ
α
4D
0
αV
++
L . (4.22)
The left hypermultiplet q+(ζ) has the N = 4 transformation
δ∗4q
+ = (λ+ λ4)q
+ −KLq+. (4.23)
The N = 4 superconformal minimal interaction of the left superfields q+ and V ++0 has the
form ∫
dζ−4q¯+∇++q+ =
∫
dζ−4q¯+(D++q+ + V ++0 q+). (4.24)
It is not difficult to construct the nonminimal N = 4 superconformal coupling of the
superfield strength W++0 (V
++
0 ) with the right real hypermultiplet Ω∫
dζ−4[(D++Ω)2 + Ω−2(W++0 )2], (4.25)
δ∗4Ω = (λ− λ4)Ω−KRΩ. (4.26)
The interaction of the gauge superfield A++ with two complex hypermultiplets q+a(a =
1, 2) was studied [17]
S(q, q¯, A) =
∫
dζ−4q¯+a (D++ + A++)q+a, (4.27)
q˜+a = q¯+a = εabq¯
+b, P q+a = q¯+a, P (q¯+a q
+a) = −q¯+a q+a. (4.28)
The action of the Abelian ABJM model S0ABJM = SBF (V0, A) +S(q, q¯, A) is invariant under
the three nonlinear supersymmetry transformations [17]
δǫV
++
0 =
2
β
ǫαabθ0αq¯
+
a q
+
b , δǫA
++ = 0,
δǫq
+a = iǫαab[D0α +
1
2
D++α A
−− + θ−−α L
++
A ]q
+
b , (4.29)
δǫq¯
+
a = iǫ
α
ab[D
0
α −
1
2
D++α A
−− − θ−−α L++A ]q¯+b ,
which form the N = 6 supersymmetry together with the N = 3 transformations. The
algebra of these nonlinear transformations closes on the corresponding equations of motion.
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The action S0ABJM is also invariant under the additional off-shell supersymmetry
δ∗(ǫ4)V
++
0 = ǫ
α
4D
0
αV
++
0 , δ
∗(ǫ4)A
++ = −ǫα4D0αA++,
δ∗(ǫ4)q
+a = −ǫα4D0αq+a. (4.30)
These transformations do not commute with the nonlinear transformations (4.29)
[δ∗(ǫ4), δǫ]V
++
0 = −
1
β
ǫα4 ǫ
ab
α q¯
+
a q
+
b , [δ
∗(ǫ4), δǫ]A
++ = 0,
[δ∗(ǫ4), δǫ]q
+a = ǫα4 ǫ
βab[−i∂Aαβ +
1
2
D0αD
++
β A
−− − θ−−β D0αL++A ]q+b . (4.31)
The improved N = 3 left linear multiplet w++ can be defined via the Abelian superfield
strength
W++0 (V
++
0 ) = γ(u
+
k u
+
l C
kl + w++), CklCkl = 2, (4.32)
using the constant γ of dimension one and dimensionless constants Ckl describing the spon-
taneous symmetry breaking. We introduce the analogous improved Abelian prepotential
v++
V ++0 = 3γC
−−(θ++)2 + γv++,
w++(v++) = Iv++, (4.33)
where C−− = u−k u
−
l C
kl.
We define the improved coupling of V ++0 in the N = 3 superspace by analogy with the
N = 2, d = 4 and N = 4, d = 3 cases [12, 20]
SL0 (V
++
0 ) = −
1
γ
∫
dζ−4
(
w++
1 +
√
1 + w++C−−
)2
= −1
γ
∫
dzdu
v−−w++
(1 +
√
1 + w++C−−)2
. (4.34)
This coupling is invariant under the N = 4 superconformal transformations
δ∗w++ = 2(λ− λ4)(w++ + C++)− 2(λ++ − λ++4 )C0 −KRw++, (4.35)
which are equivalent to transformations (4.14). The N = 2, d = 3 representation of the
action (4.34) was studied in [22].
The variation of this action in v++ can be expressed via the nonlinear function B++C (w
++)
δSL0 (V
++
0 ) = −
1
γ
∫
dzduδv−−B++C (w
++) = −1
γ
∫
dζ−4δv++F++C (w++),
B++C (w
++) =
w++
(1 +
√
1 + w++C−−)
√
1 + w++C−−
, (4.36)
F++C (w++) = IB++C (w++), D++F++C = 0, (4.37)
where the operator I was many times used above. The action SL0 gives the linear equation
for the function B++C .
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The similar N = 4 superconformal coupling of the right gauge superfield A++ arises from
the improved superfield l++
L++A (A
++) = γ(u+k u
+
l c
kl + l++), cklckl = 2, (4.38)
SR0 (A
++) = −1
γ
∫
dζ−4
(
l++
1 +
√
1 + l++c−−
)2
. (4.39)
The combined N = 3 action
Sβ(V ++0 , A
++) = SBF + S
L
0 + S
R
0 (4.40)
describes the nontrivial superconformal interaction of two Abelian gauge superfields. The
quantum properties of this model can be studied by the method of the N = 3 supergraphs
[18].
The equivalent superconformal model was earlier considered in theN = 4 superspace [20].
The corresponding Abelian N = 4 prepotentials were defined in different mirror superspaces.
At the field-component level this model describes nonlinear couplings of two topologically
massive gauge fields with spinor, scalar and pseudoscalar fields.
The action of the N = 4 electrodynamics contains the constant g of the dimension 1/2
SE2 = −
1
g2
∫
dζ−4(W++0 )
2. (4.41)
It is invariant under the P -parity and N = 4 supersymmetry, but breaks the scale invariance.
We define the dimensionless uncharged analytic function of the Abelian superfield strength,
which has the right N = 4 transformation
K = ξ2(D++)2(D−−)2(D−−)2(W++0 )2, δ∗(ǫ4)K = −ǫα4D0αK, (4.42)
where the constant ξ has the dimension −2. The analytic N = 3 superfield density of the
nonlinear electrodynamics action
SEN = −
1
g2
∫
dζ−4(W++0 )
2[1 + f(K)], (4.43)
(4.44)
is proportional to the density of the quadratic action (4.41) and to the nonlinear function of
the superfield K. This action has the N = 4 supersymmetry. The component Lagrangian
contains the nonlinear terms (FmF
m)n, (∂mφ
kl∂mφkl)
n.
5 Non-Abelian gauge theory
We consider the representation V ++4L (ζˆL) = [1 − θα4D0α − 14(θ4)2(D0)2]V ++(ζ) for the non-
Abelian gauge superfields. In this case, the superconformal N = 4 symmetry opera-
tor KL (3.17) acts linearly on the non-Abelian prepotential V ++, for instance, the fourth
supersymmetry transformation has the form Q4αV ++ = −D0αV ++. The corresponding
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nonlinear fourth supersymmetry transformation of the non-Abelian N = 3 connection
δ∗(ǫ4)V −− = −ǫα4 Qˆ4αV −− arises from the harmonic zero-curvature equation [21]
Qˆ4αV
−− =
1
2
∇−−D++α V −− = D0αV −− −
1
2
[D++α V
−−, V −−] +
1
2
D++α D−−V −−, (5.1)
∇++Qˆ4αV −− = ∇−−Q4αV ++, ∇±± = D±± + V ±±, [∇++,∇−−] = D0. (5.2)
The operator KA3 (2.33),(2.34) acts linearly on the superfield V
−−. The nonlinear action
of the special conformal supersymmetry generator on V −− arises from the commutator
1
3
(γm)αβ [Km, Qˆ
4
β].
We consider the non-Abelian N = 3 superfield strength
W++ = −1
4
(D++)2V −−. (5.3)
The fourth supersymmetry transformation of this superfield has the form
Qˆ4αW++ = −
1
4
(D++)2Qˆ4αV
−− = D0αW++ − [D++α V −−,W++], (5.4)
it preserves analyticity
D++β Qˆ
4
αW++ = 0, D++β D++α V −− = −2εβαW++. (5.5)
We note that the nonlinear terms in the transformations (5.1) and (5.4) differ by the coeffi-
cient 2.
The action of the N = 3 Yang-Mills theory has the form
SSYM =
1
4g2
∫
dζ−4(D++)2Tr V −−W++ = − 1
g2
∫
dζ−4Tr (W++)2. (5.6)
The gauge-invariant analytic density of the action L(+4) = Tr (W++)2 transforms linearly by
analogy with the Abelian quantity (W++0 )
2 (4.14)
δ∗4L
(+4) = 4(λ− λ4)L(+4) −KRL(+4), (5.7)
so the action SSYM is invariant under the fourth supersymmetry Q
4
αL
(+4) = D0αL
(+4), al-
though it breaks the conformal invariance.
Using the improved Abelian right tensor multiplet w++(V ++0 ) (4.35) we can construct
the right analytic density F (w) = (1 + w++C−−)−3/2,
δ∗4F (w) = −2(λ− λ4)F (w) +D++A−− −KRF (w), (5.8)
where A−− is some analytic superfield, which is series in degrees of w++C−− and is linear
in superconformal parameters λ − λ4 and λ++ − λ++4 . This density allows us to define the
superconformal generalization of the non-Abelian gauge action
S(V ++, V ++0 ) = −
1
g2
∫
dζ−4F (w)Tr (W++)2, (5.9)
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which contains also the Abelian gauge superfield w++. To prove the superconformal sym-
metry we use transformations of F (w) and L(+4), and formulas
−
∫
dζ−4KRL(+4) = −2
∫
dζ−4(λ− λ4)L(+4), D++L(+4) = 0. (5.10)
The superconformal generalization of the non-Abelian theory can also be constructed with
the help of the right hypermultiplet Ω(ζ) = γCklU0kl + ω(ζ) (4.26), then the superconformal
density is Ω−2Tr (W++)2. The kinetic term for the superfield Ω has a standard form. The
parameters γ and Ckl describe the spontaneous breaking of the superconformal symmetry
in this interaction.
6 Conclusions
We review the superconformal transformations in the standard and analytic harmonic super-
spaces with the N = 3, d = 3 supersymmetry. The active local form of the N = 3 transfor-
mation is defined via the Killing operator K3 which contains the superconformal generators.
The commutators of K3 with the flat N = 3 spinor derivatives determine matrices of the
superconformal transformations. These matrices are used in the superconformal transfor-
mations of the standard N = 3 superfields. The N = 3 analytic superspace is convenient
for the description of the hypermultiplet couplings with the gauge Chern-Simons or Yang-
Mills superfields. Analogous superconformal structures were considered in the N = 4, d = 3
superspaces [20], but this formalism has difficulties in the analysis of the left-right N = 4
supermultiplet couplings.
We study the N = 4 superconformal models in the framework of more flexible N = 3
harmonic superspace. Left and right superfields from the mirror N = 4 superspaces are
connected by the operator transformations with the corresponding N = 3 harmonic super-
fields in the same superspace. The representations of the additional N = 4 superconformal
generators Q4α, S
4
α and Akl are constructed in the N = 3 analytic superspace. The mirror
map changes signs of the corresponding N = 4 superconformal transformations in the N = 3
superspace.
It is easy to reformulate the N = 4 superfield models [20] in the N = 3 superfield
representation analyzing the additional supersymmetry. We prove that the gauge prepoten-
tial V ++0 and its superfield strength are the mirror N = 4 supermultiplets. The superfield
Abelian N = 3 BF coupling SBF (4.20) connects the left scalar gauge prepotential with the
superfield strength of the right pseudoscalar gauge prepotential. This BF coupling is part
of the U(1) × U(1) ABJM model in the N = 3 superspace which has the on-shell N = 6
supersymmetry [17]. The improved superconformal forms of the left and right tensor mul-
tiplets SL0 (4.34) and S
R
0 (4.39) are defined in the same N = 3 superspace. We derive the
N = 3 representation of the superfield equations of motion for the interesting model based
on the action SBF + S
L
0 + S
R
0 .
We consider the N = 4 supersymmetry transformations on the non-Abelian N = 3
superfields and construct the superconformal coupling of these superfields with the Abelian
gauge superfield. A similar coupling was considered earlier in the N = 4 superspace [20].
16
Appendix
The N = 4, d = 3 superspace is covariant with respect to the Lorentz group SO(2, 1) ∼
SL(2, R) and the automorphism group SUL(2) × SUR(2). The important property of the
N = 4 superspace is the discrete symmetry with respect to the mirror map
M : SUL(2) ↔ SUR(2) (A.1)
We consider the coordinates of the d = 3,N = 4 superspace in the central basis [10, 19, 20]:
z = (xm, θαka), (A.2)
where i and a are the two-component indices of the automorphism groups SUL(2) and
SUR(2), respectively.
In this paper, we identify indices of two SU(2) groups and consider the following decom-
position of the N = 4 spinor coordinates:
θαka → θαkl = θα(kl) +
1
2
εklθ
α
4 , (A.3)
where θα(kl) are the N = 3 CB coordinates and θα4 is an additional fourth spinor coordinate.
The N = 3 central basis in the N = 4 superspace has the form
zˆ = (xm, θα(kl), θ
α
4 ). (A.4)
We define the corresponding decomposition of the partial spinor derivatives
∂klα = ∂
(kl)
α − εkl∂4α, ∂klα θβjn = δβαδkj δln,
∂(kl)α θ
β
(jn) =
1
2
δβα(δ
k
j δ
l
n + δ
k
nδ
l
j), ∂
4
αθ
β
4 = δ
β
α (A.5)
and the N = 4 spinor derivatives
Dklα = D
(kl)
α − εklD4α, D4α = ∂4α +
i
2
θγ4∂αγ . (A.6)
The N = 3 superspace is invariant under the mirror map
Mθαkl = θαlk, Mθα(kl) = θα(kl), Mθα4 = −θα4 . (A.7)
The N = 4 Killing operator contains the corresponding superconformal parameters and
generators
K4 = c
mPm + l
mMˆm + bDˆ + k
mKˆm + ω
klLkl + Ω
klRkl
+ǫα(kl)Q
(kl)
α + ǫ
α
4Q
4
α + η
α
(kl)Sˆ
(kl)
α + η
α
4S
4
α. (A.8)
Generators of the SUL(2)×SUR(2) transformations Lkl = 12(Vkl+Akl) and Rkl = 12(Vkl−Akl)
can be written in terms of the SUV (2) generator Vkl (2.4) and the additional generator
Akl = θ
α
4 ∂α(kl)−2θα(kl)∂4α which connects spinor coordinates θα(kl) and θα4 . Now we can separate
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the operator of the N = 3 superconformal transformations K3 and the operator of additional
transformations K4/3
K4 = K3 +K4/3, K4/3 = b
klAkl + ǫ
α
4Q
4
α + η
α
4S
4
α. (A.9)
The N = 4 superconformal transformations of the spinor coordinates have the form
δθαkl = ǫ
α
kl + l
α
γ θ
γ
kl +
1
2
b θαkl − ωjkθαjl − Ωjl θαkj −
1
2
kβγx
α
βθ
γ
kl −
i
4
[Θ +
1
2
(θ4)
2]θγklk
α
γ
−1
2
xαγη
γ
kl + iη
jnγθαjnθklγ −
i
4
[Θ +
1
2
(θ4)
2]ηαkl = K4θ
α
kl (A.10)
where Θ = θα(kl)θ
(kl)
α , Θ+
1
2
(θ4)
2 = θαklθ
kl
α .
The fourth supersymmetry generator contains θγ4 and the corresponding spinor derivative
Q4α = ∂
4
α −
i
2
θγ4∂αγ . (A.11)
The mirror map (A.7) yields the automorphism of the N = 4 superconformal Lie super-
algebra
MAkl = −Akl, MQ4α = −Q4α, MS4α = −S4α, MK3 = K3. (A.12)
The left analytic N = 4 basis [20] uses the left SU(2)L/U(1) harmonics u±k and the
coordinates
ζL = (x
m
L , θ
+α
l , u
±
i ), θ
−α
l , θ
±α
l = −u±kθαkl, ∂∓kβ θ±αl = δkl δαβ ,
xmL = x
m + iu+ju−kεln(γm)αβθ
α
jnθ
β
kl, ∂
L
nx
m
L = δ
m
n , (A.13)
u+l D
kl
α = D
+k
α = ∂
+k
α , u
−
l D
kl
α = D
−k
α = −∂−kα + 2iθ−kβ∂Lαβ . (A.14)
We consider the alternative representation of the left analytic basis
ζˆL = (x
m
L , θ
++α, θ+−α, u±i ), θ
±±α = u±ku±lθαkl, θ
±∓α = u±ku∓lθαkl, (A.15)
xm = xmL − i(γm)αβθ++αθ−−β + i(γm)αβθ+−αθ−+β, (A.16)
θ+αl = u
+
l θ
+−α − u−l θ++α, θ−αl = u+l θ−−α − u−l θ−+α. (A.17)
It is easy to connect the partial derivatives in different representations, for instance,
∂+lα = −u−l∂++α − u+l∂+−α , ∂++L = ∂++ + θ−+α∂++α + θ++α∂−+α . (A.18)
The alternative representations of the N = 4 spinor and harmonic derivatives have the
form
D++α = ∂
++
α , D
+−
α = −∂+−α ,
D−+α = −∂−+α + 2iθ−+β∂Lαβ , D−−α = ∂−−α + 2iθ−−β∂Lαβ , (A.19)
D++L = ∂
++ + 2iθ++αθ+−β∂Lαβ + θ
++α(∂+−α + ∂
−+
α ) + (θ
+−α + θ−+α)∂++α ,
D−−L = ∂
−− − 2iθ−−αθ−+β∂Lαβ + θ−−α(∂−+α + ∂−+α ) + (θ−+α + θ−+α)∂−−α , (A.20)
D0L = ∂
0 + 2θ++α∂−−α − 2θ−−α∂++α .
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where we use the partial derivatives in the new coordinates
∂∓∓α θ
±±β = ∂∓±α θ
±∓β = δβα, ∂
±±θ±±β = 0. (A.21)
In the left basis, the N = 4 supersymmetry generators Qklα = Q(kl)α −εklQ4α have the form
Q(kl)α = U
++kl∂−−α + U
−−kl(∂++α − 2iθ++β∂Lαβ) + U0kl(∂−+α + ∂+−α + 2iθ+−β∂Lαβ),
Q4α =
1
2
(
∂−+α − ∂+−α
)− iθ+−β∂Lαβ . (A.22)
It is also easy to construct the generator of the special conformal transformations Km =
KLm +K ′m
KLm = −i(θ++γmθ+−)∂−− + xmLxnL∂Ln −
1
2
(xL)
2∂Lm −
i
2
(γm)
α
γθ
++γ(θ+−)2∂−−α
+
1
2
xnL(γn)
αβ(γm)βγ[θ
++γ∂−−α + θ
+−γ∂−+α ], (A.23)
K ′m =
1
2
xnL(γn)
αβ(γm)βγ[θ
−+γ∂+−α + θ
−−γ∂++α ]−
i
2
(γm)
α
γ θ
+−γ(θ−+)2∂+−α
+i(γm)βγθ
++β(θ−+γ − θ+−γ)θ−−α∂+−α +
i
2
(γm)
α
γθ
++γ(θ−−)2∂++α ,
where the operator KLm acts on the left analytic superfields.
We consider representations of the SUL(2) × SUR(2) superconformal generators in this
basis
Lkl = U
++
kl ∂
−− + U++kl θ
+−α∂−−α + U
++
kl θ
−−α∂+−α
+U0kl(θ
++α∂−−α + θ
+−α∂−+α )− U0kl(θ−−α∂++α + θ−+α∂+−α )
+U−−kl (θ
+−α∂++α + θ
++α∂+−α ) + 2iU
−−
kl θ
++αθ+−α∂Lαβ , (A.24)
Rkl = −U++klθ+−α∂−−α + U0klθ++α∂−−α − U0klθ+−α∂−+α + U−−klθ++α∂−+α
−U++klθ−−α∂+−α − U0klθ−−α∂++α + U0klθ−+α∂+−α + U−−klθ−+α∂++α . (A.25)
We can study the active N = 4 superconformal transformations of the left analytic super-
fields ΦL(ζˆL), for instance,
δ∗ΦL = −[ωklLkl + ΩklRkl + ǫαklQklα ]ΦL
= −[aklVkl + bklAkl + ǫα(kl)Q(kl)α + ǫα4Q4α]ΦL. (A.26)
The superconformal operators Rkl do not act on the left even coordinates
Rklx
m
L = 0, Rklu
±
i = 0, [[Rkl, D
±±
L ] = 0. (A.27)
The N = 4 Killing operator K4 satisfies the following relations in the left basis:
[K4, D
++
L ] = −λ++L D0L, [K4, D−−L ] = −(D−−L λ++L )D−−L , (A.28)
λ++L = (a
kl + bkl)u+k u
+
l − i(θ++γmθ+−)km
+i(θ+−αu+k u
+
l − θ++αu−k u+l )η(lk)α −
i
2
θ++αη4α. (A.29)
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We obtain the coordinates and partial derivatives of the right analytic N = 4 basis
ζˆR =MζˆL using the mirror map from the left basis (A.15)
ζˆR =MζˆL = (xmR , θ++α, θ−+α, u±i ), (A.30)
xmR =MxmL = xm + iu+ju−kεln(γm)αβθαnjθβlk
= xmL + 2i(γ
m)αβθ
+−αθ−+β, (A.31)
Mθ±±α = θ±±α, Mθ±∓α = θ∓±α, Mu±k = u±k , (A.32)
M∂Lm = ∂Rm, M∂±±α = ∂ˆ±±α , M∂±∓α = ∂ˆ∓±α , M∂±± = ∂±±.
The right basis in [20] contains the independent right harmonics v
(±)
a . We consider the
active transformations of superfields and, therefore, can formally use the same harmonics
and partial harmonic derivatives in the left and right bases. In the right basis, the spinor
and harmonic derivatives have the form
Dˆ++α = ∂ˆ
++
α =MD++α , Dˆ−+α = −∂ˆ−+α =MD+−α , (A.33)
Dˆ+−α = −∂ˆ+−α + 2iθ+−β∂Rαβ =MD−+α , Dˆ−−α = ∂ˆ−−α + 2iθ−−β∂Rαβ =MD−−α , (A.34)
D++R = ∂
++ + 2iθ++αθ−+β∂Rαβ + θ
++α(∂ˆ−+α + ∂ˆ
+−
α ) + (θ
+−α + θ−+α)∂ˆ++α =MD++L ,
D−−R = ∂
−− − 2iθ−−αθ+−β∂Rαβ + θ−−α(∂ˆ−+α + ∂ˆ+−α ) + (θ+−α + θ−+α)∂ˆ−−α . (A.35)
The right analytic part of the generator for the special conformal transformations has
the form
KRm =MKLm = −i(θ++γmθ−+)∂−− + xmRxnR∂Rn −
1
2
(xR)
2∂Rm −
i
2
(γm)
α
γθ
++γ(θ−+)2∂ˆ−−α
+
1
2
xnR(γn)
αβ(γm)βγ [θ
++γ∂ˆ−−α + θ
−+γ ∂ˆ+−α ]. (A.36)
The right representation of the SUL(2) × SUR(2) generators and the supersymmetry
generators can be obtained by the mirror map of the left representation
Lˆkl =MRkl = −U++klθ−+α∂ˆ−−α + U0klθ++α∂ˆ−−α − U0klθ−+α∂ˆ+−α + U−−klθ++α∂ˆ+−α
−U++klθ−−α∂ˆ−+α − U0klθ−−α∂ˆ++α + U0klθ+−α∂ˆ+−α + U−−klθ+−α∂ˆ++α ,
Rˆkl =MLkl, Aˆkl = −MAkl =M(Rkl − Lkl), (A.37)
Qˆ(kl)α = U
++kl∂ˆ−−α + U
−−kl(∂ˆ++α − 2iθ++β∂Rαβ) + U0kl(∂ˆ−+α + ∂ˆ+−α + 2iθ−+β∂Rαβ),
Qˆ4α = −MQ4α =
1
2
(
∂ˆ−+α − ∂ˆ+−α
)
+ iθ−+γ∂Rαγ . (A.38)
The right representation of the Killing operator Kˆ4 = K3 −K4/3 satisfies the relation
[Kˆ4, D
++
R ] = −λ++R D0R, (A.39)
λ++R =Mλ++L = (akl − bkl)u+k u+l − i(θ++γmθ−+)km
+i(θ−+αu+k u
+
l − θ++αu−k u+l )η(lk)α +
i
2
θ++αη4α. (A.40)
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